Background and aims Clinicopathological characteristics of gastric cancer (GC) are changing, especially in the West with a decreasing incidence of distal, intestinal-type tumours and the corresponding increasing proportion of tumours with Laurén diffuse or WHO poorly cohesive (PC) including signet ring cell (SRC) histology. To accurately assess the behaviour and the prognosis of these GC subtypes, the standardization of pathological definitions is needed. Methods A multidisciplinary expert team belonging to the European Chapter of International Gastric Cancer Association (IGCA) identified 11 topics on pathological classifications used for PC and SRC GC. The topics were debated during a dedicated Workshop held in Verona in March 2017. Then, through a Delphi method, consensus statements for each topic were elaborated. Results A consensus was reached on the need to classify gastric carcinoma according to the most recent edition of the WHO classification which is currently WHO 2010. Moreover, to standardize the definition of SRC carcinomas, the proposal that only WHO PC carcinomas with more than 90% poorly cohesive cells having signet ring cell morphology have to be classified as SRC carcinomas was made. All other PC non-SRC types have to be further subdivided into PC carcinomas with SRC component (< 90% but > 10% SRCs) and PC carcinomas not otherwise specified (< 10% SRCs). Conclusion The reported statements clarify some debated topics on pathological classifications used for PC and SRC GC. As such, this consensus classification would allow the generation of evidence on biological and prognostic differences between these GC subtypes.
Introduction
Despite a declining incidence, gastric cancer (GC) is still one of the major causes of cancer death worldwide [1] . Evidence has accumulated over the last decades that clinicopathological characteristics of GC are changing, especially in the West [2] [3] [4] with a decreasing incidence of distal, intestinal type tumours and the corresponding increasing proportion of tumours with Laurén diffuse [5] or WHO [6] 1 3 poorly cohesive (PC) including signet ring cell (SRC) histology [2] [3] [4] .
Conflicting data exist about the prognostic relevance of SRC histology [7, 8] . While some authors report a relationship between SRC histology and poor prognosis [7] , other studies have not confirmed this finding [8] . More recently, some comparative studies from Western and Asian authors [9, 10] suggested that the prognostic impact of SRC histology depends on the stage of the disease, being favourable in early stages but adverse in advanced tumour stages. One of the main reasons for these inconsistent findings over the relationship between SRC and prognosis appears to be a lack of standardization of GC histological subtype definitions. The 2010 WHO classification [6] defines PC tumours as GC composed of isolated or small groups of tumour cells. If neoplastic cells with SRC morphology predominate in the tumour, the tumour is defined as SRC carcinoma. In reality, the terms Laurén "diffuse type", "poorly cohesive" and "signet ring cell" GC are often used indiscriminately. As a consequence, tumours having major and minor SRC components may have been inappropriately considered together in comparative studies [11] .
Standardization of terminology and classifications is a crucial step to accurately assess epidemiological trends and to allow prediction of prognosis and/or response to chemotherapy of GC patients with SRC as well as PC non-SRC tumours compared to other GC subtypes and to design tailored treatment strategies. To reach a consensus on the pathological classification of PC and SRC GC, a multidisciplinary expert team belonging to the European Chapter of International Gastric Cancer Association (IGCA) attended a dedicated Workshop in Verona in March 2017.
Methods
The methodology of this project was similar to that of other multicentric consensus reports [12, 13] . After establishing the purpose of the project, a restricted working group (RWG) of the European Chapter of IGCA identified areas of uncertainty about the histopathological definitions and classifications of PC and SRC gastric cancers to define the topics for debate.
Next, an expanded working group (EWG) of European experts (Table 1) was invited to take part in a dedicated workshop held in Verona, Italy, on the 17th of March, 2017. During the workshop, the previously identified topics were discussed and a draft statement in response to each topic was recorded.
Each expert was asked to comment and suggest modifications to the draft statements through a Delphi method implementation. These suggestions were made available to the other experts in a series of web-based discussion rounds for further discussion and definitive approval. The grade of expert agreement to each statement is reported.
Results
Consensus statements are reported as follows. There was unanimous agreement to each statement, except for the statement 5 where one of the experts disagreed.
Topic 1
What is the unequivocal definition of a signet ring cell (SRC)?
Statement 1
The definition of a signet ring cell is that of a cell with ample cytoplasmic mucin which appears optically clear on haematoxylin and eosin (HE) staining and an eccentrically placed nucleus [6] . All other poorly cohesive cancer cells that do 
Statement 3
Currently, there are no specific IHC markers used routinely. E-cadherin or cytokeratin subtyping do not aid in the identification of signet ring cells. However, histochemical staining for mucin (AB-PAS) can be used to confirm the presence of mucin in signet ring cells.
Topic 4
Currently, the terms "diffuse type" cancers according to Laurén classification, "poorly cohesive carcinomas" according to the WHO classification 2010, "signet ring cell" carcinomas, and "linitis plastica" are used indiscriminately. How can terminology used to describe the histology of these tumours be standardized?
Statement 4
In the pathology report, gastric adenocarcinoma should be classified according to the most recent edition of the WHO classification which is currently the 4th edn published in 2010 [6] . The Laurén "diffuse" type [5] corresponds to the WHO category of "poorly cohesive" carcinomas.
The WHO 2010 category of PC carcinoma includes SRC which is defined as PC carcinoma that contains predominantly or exclusively signet ring cells (See Statement 5).
The term "linitis plastica" should only be used for the description of the macroscopic characteristics of the tumour.
Topic 5
A SRC carcinoma is defined according to the WHO as PC carcinoma containing predominantly or exclusively signet ring cells. Should an internationally standardized method be used, to define the proportion of signet ring cells required to subclassify tumours with signet ring cells?
Statement 5
To standardize the definition of SRC cancers, we propose that only WHO PC carcinomas with more than 90% poorly cohesive cells having classical signet ring cell morphology should be classified as SRC carcinomas.
We propose to use the following subclassification of PC and SRC carcinomas ( We believe that using the above categories of poorly cohesive carcinomas, and comparing tumours with almost exclusive (> 90%) signet ring cells to those with lower (< 90% but > 10% and < 10%) proportion of signet ring cells in retrospective and prospective studies, the prognostic differences of PC tumours with different proportion of cells with signet ring morphology can be accurately investigated.
It is important that these categories/subclassifications are only used for PC and SRC carcinomas. Mucinous cancers are characterized by the presence of extracellular mucin in more than 50% of the tumour area. Even if mucinous cancers contain signet ring cells, they should not be classified as poorly cohesive/signet ring cell carcinomas as mucinous cancers have different biology and prognosis.
TOPIC 6
How big is the discrepancy between histological tumour type in endoscopic biopsies and resected specimen in gastric cancer using the current WHO classification? Do you believe that this discrepancy is larger for PC/SRC carcinomas?
Statement 6
Due to the uncertainty about the definition used when reporting results, it is currently unclear whether there is a discrepancy between biopsy classification and resection specimen classification. We therefore believe that it is necessary to report in PC carcinoma whether signet ring cells are present in specimens. The concordance between preoperative biopsies and resected specimens according to the proposed definitions (statement 5) should be assessed. 
Topic 7
Is the determination of the pathological depth of invasion (pT category) in PC/SRC carcinomas, in particular regarding the involvement of the serosa, more difficult than in other histological types of gastric cancer?
Statement 7
There are more difficulties in determining the pathological T category in PC and SRC carcinomas. Immunohistochemical staining for cytokeratin does not help as the mesothelial cells of the serosa also express cytokeratins. Elastica stains may be helpful to identify the location of the serosa.
Topic 8
Is the type of stroma reaction the same in all SRC cancers? If not, do you think this could have a prognostic impact?
Statement 8
The stroma reaction is not the same in all PC and SRC carcinomas. The stroma reaction may change depending on depth of tumour invasion. It is likely that the type of stroma reaction has a prognostic impact, but available data are limited [15] .
Topic 9
Does neoadjuvant treatment modify gastric cancer histopathological phenotype? Can a histopathological response to neoadjuvant chemotherapy (tumour regression grade) be established in SRC carcinomas in the same way as in non-SRC carcinomas? Are there specific pathological criteria to assess the response to neoadjuvant treatments in SRC carcinoma?
Statement 9
Apart from seeing regressive features such as fibrosis and necrosis, there is no definitive evidence that the histological phenotype of cancer cells change after neoadjuvant chemotherapy.
In GC patients who received neoadjuvant therapy, we only have the pretreatment diagnostic biopsy to determine the tumour phenotype. There is no evidence yet that the tumour phenotype changes after chemo(radio)therapy. By reviewing slides of resected specimens from clinical trials comparing surgery alone to neoadjuvant therapy followed by surgery, we could evaluate the impact of neoadjuvant therapy on the histological tumour phenotype in gastric adenocarcinoma including in tumours with PC/SRC histology classified on the pretreatment diagnostic biopsies.
At the moment, there are no specific pathologic criteria to assess the response to neoadjuvant treatment in poorly cohesive and signet ring cell types.
Tumour regression grade according to Becker [16] or Mandard [17] is currently reported in pathological reports in most Western countries. It is noteworthy that pathologists have difficulties in particular in PC GC in differentiating treatment naïve desmoplastic stroma from treatment-induced fibrosis. It therefore appears necessary to develop specific pathologic regression systems for PC and SRC tumours.
Of note, these pathologic regression systems should include not only regression grading for the primary tumour but also for the lymph nodes. Indeed, for oesophageal and cardia cancer [18] [19] [20] [21] [22] [23] [24] the prognostic relevance of nodal response to preoperative treatments has already been demonstrated, and this is likely to be significant in gastric cancer, too.
It would be very interesting to evaluate the rates of pathologic tumour and nodal response to preoperative treatment according to the proportion of signet ring cells, i.e. based on the classification proposed in Statement 5.
Topic 10
Is it possible to find signet ring cells also in the context of tubular or papillary gastric adenocarcinoma? If yes, how do you classify this tumour?
Statement 10
The WHO classification 4th edn [6] defines 'mixed adenocarcinoma' as a tumour with a discrete component of tubulopapillar and a poorly cohesive-SRC component. It means that each component should be clearly separate. There is currently no cut-off defined with respect to percentage of each component for a tumour to be classified as mixed adenocarcinoma. However, if only rare signet ring cells/rare poorly cohesive cells are present, for example at the invasive edge, the tumour should still be classified as tubular or papillary tumour.
Topic 11
In case of WHO mixed type gastric cancers, is there pathological evidence that the PC/SRC component is more 'aggressive' showing a higher frequency of lymph node metastases?
Statement 11
Both, the tubulo-papillary and PC-SRC components may be aggressive.
The two components have different pathways of tumour dissemination with the tubulo-papillary (Laurén: intestinal type) component spreading more frequently by angioinvasion, while the PC-SRC (Laurén: diffuse type) component tend to metastasise to the peritoneum [25] .
Currently, one can only speculate that the cumulative effect of the adverse behaviours of intestinal and diffuse-type gastric carcinoma is responsible for the greater biological aggressiveness of mixed-type gastric carcinoma compared to "pure" intestinal and diffuse gastric carcinoma [26] [27] [28] [29] [30] [31] [32] [33] . The level of existing evidence is too low for a definitive conclusion.
Discussion
The proportion of Laurén diffuse and WHO PC and SRC gastric cancer subtypes have increased in recent years, especially in the West [2] [3] [4] . Some studies reported an independent unfavourable prognostic impact of SRC histology compared to other histotypes [7] , while others could not confirm this [8] . More recently, a stage-dependent prognostic role of SRC has been suggested by Western and Eastern authors [9, 10] . Different proportions of early and advanced SRC tumours in the published series may have caused the inconsistency of data reported so far.
Most importantly, there is no standardization in the terminology used to define tumours with signet ring cells and very often the definitions of "diffuse type" cancers according to Laurén classification, "poorly cohesive" and "signet ring cell" gastric carcinomas according to the 2010 WHO classification, or "linitis plastica" are used indiscriminately. Findings reported in comparative studies [7] [8] [9] [10] could have been affected by the heterogeneity of SRC and non-SRC cancers.
To establish reproducible definitions towards standardized classification of gastric cancer, a European consensus group has produced the definitions described in this paper.
The two key issues for pathologists are first, that gastric carcinoma should be classified according to the most recent edition of the WHO classification which is currently WHO 2010 [6] . The Laurén "diffuse" type corresponds to the WHO category of "poorly cohesive" carcinomas.
Second, to standardize the definition of SRC carcinomas, we propose that only WHO PC carcinomas with more than 90% poorly cohesive cells having signet ring cell morphology should be classified as SRC carcinomas. All other PC non-SRC types should be further subdivided into PC carcinomas with SRC component (< 90% but > 10% signet ring cells) and PC carcinomas NOS (< 10% signet ring cells). This classification reflects the hypothesis that the extent of SRCs may represent a differentiation grade in PC and SRC carcinomas. Studies in Hereditary Diffuse Gastric Cancer (HDGC) suggest that intramucosal lesions morphologically characterized by typical signet ring cells without expression of Ki67 and p53 represent an "indolent" phenotype. By contrast advanced carcinomas that display an "aggressive" phenotype with positive immunoreaction for Ki67 and p53, are composed of poorly cohesive pleomorphic cells without SRC morphology [34] . A recent study in Korean patients with gastric PC carcinoma subclassified each tumour on the basis of the prevalent histopathological component into "pure" SRC type (signet ring cells > 95%), "pure" PC not otherwise specified (PCC-NOS) type (i.e. no SRC), mixed SRC-predominant type (SRC > PCC-NOS, SRC > 50%) or mixed PCC-NOS-predominant type (PCC-NOS > SRC) [35] . A distinct mutation pattern and significant differences in overall survival were reported for "pure" SRC type and "pure" PC not otherwise specified type, with better outcome for the former category. These findings support our proposal to distinguish different subcategories of PC gastric carcinoma. Such classification would allow the generation of evidence on biological and prognostic differences of these tumours according to the proportion of signet ring cells.
In the Japanese pathological classification [36] , the poorly differentiated non-solid type (por2) category that substantially corresponds to the WHO category of PC non-SRC type, is considered separately from the SRC type (Table 2 ). In addition, in recent papers, Japanese authors [37] confirm that histopathological features of signet ring cell types differ from those of poorly differentiated (por2) tumours and highlight the need to differentiate them in clinical studies.
It is important that pathologists attempt to subclassify gastric cancer on biopsies (when adequate biopsies are available) and not use the term 'adenocarcinoma NOS', since most patients will receive preoperative treatment which may change tumour morphology. Future clinical and translational research should include the creation of specific pathologic regression systems for tumours with PC/SRC, but also a more in-depth analysis of role of stroma reaction and genomic characteristics of these subtypes of gastric cancer. 
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